To explore an alternative approach to quantifying the burden of side effects at 1 year after treatment for prostate cancer among both patients and their partners. Methods: We analyzed data from 75 couples in the Family and Cancer Therapy Selection study. Paired patients and family members were independently asked about their willingness to pay (WTP) for a hypothetical new treatment that cures prostate cancer without side effects if they could reconsider their treatment decision by indicating the maximum amount they would be willing to pay given 11 separate "bids" ranging from $0 to $1500 per month. Descriptive and regression analyses were conducted for patients and family members controlling for sociodemographic characteristics and health status; Spearman correlations were also examined. Results: Among 75 couples analyzed, the income-adjusted mean WTP estimates per month were $400.8 (standard error [SE] $54.3) for patients and $650.2 (SE 72.2) for family members. The WTP between patients and family members was correlated (Pearson 0.30; P ϭ 0.01). After adjusting for covariates, the adjusted mean WTP per month was $588.1 (SE 65.77) for patients and $819.4 (SE 74.33) for family members. Wanting to avoid side effects at baseline predicted higher WTP for patients (P ϭ 0.010). Experiencing sexual side effects was predictive of higher WTP for family members (P ϭ 0.047). Conclusions: Fairly high WTP amounts for a hypothetical treatment without side effects suggests that patients and their partners are experiencing important burdens 1 year after treatment. The higher amounts partners are willing to pay and the correlation with sexual side effects suggest that they are perceptive of significant treatment burdens.
Introduction
Prostate cancer is the most commonly diagnosed cancer, the second leading cause of cancer-related deaths among men in the United States [1] , and is an important public health problem in terms of economic and personal burden [2] [3] [4] [5] . Men diagnosed with clinically localized prostate cancer have a number of treatment options available to them [6] . All treatment options result in adverse effects (primarily urinary, bowel, and sexual), although the severity and frequency may vary between treatments. Urinary dysfunction, especially incontinence, appears to be more common with radical prostatectomy and bowel dysfunction with external beam radiation therapy. Sexual dysfunction is common following all treatments. These side effects result in compromised quality of life, causing burden for both patients and their family members, but quantifying the harm associated with sides effects of cancer therapies perceived to be life-saving is challenging because of cognitive dissonance and adaptation [7] .
One way to measure the personal benefit of a medical therapy is to assess an individual's maximum willingness to pay (WTP) for the treatment. WTP studies have been widely conducted to evaluate patients' and family members' preferences for treatment for cancer and other chronic conditions [8 -12] . In settings where individuals cannot directly purchase the benefit under consideration (e.g., clean air, symptom-free quality of life), assessment of WTP through surveys and interviews has been argued to be a theoretically valid alternative [13, 14] .
Few studies have estimated patients' WTP for prostate cancer treatment [15] [16] [17] . These limited WTP studies have been performed among patients with little attention paid to the preferences of family members. Family members are potentially significantly affected by the side effects of treatment their loved ones experience through many mechanisms [18 -20] . Thus, including partners in quantifying the burden of side effects associated with treatment may be important to fully assessing the total impact of prostate cancer therapies.
The purpose of this study was to 1) estimate WTP as a method of quantifying the burden associated with side effects 1 year after prostate cancer treatment among patients and their partners; 2) explore variations in WTP by population characteristics and reported declines in urinary irritation, urinary incontinence, and sexual function; and 3) examine the concordance of WTP estimates of patients with estimates of their family members. We hypothesized that patients (and family members) who experience fewer side effects would report lower WTP and patients experiencing more side effects would report higher WTP amounts.
Methods

Study design
We conducted a retrospective study using data from the Family And Cancer Therapy Selection study, a 3-wave self-administered survey (baseline, 6-month follow-up, and 12-month follow-up) among patients with newly diagnosed prostate cancer in multiple clinics. Recruitment procedures and patient eligibility were described elsewhere [21] . Briefly, newly diagnosed patients were approached in urology practice sites in California, South Carolina, and Texas. Interested patients signed consent forms and received a take-home survey to return by mail. Patients identified a family member to participate in a separate baseline survey. Mailed follow-up surveys to patients and family members were administered at 6 and 12 months to ask about treatment outcomes and satisfaction with care. WTP questions were asked at 12-month follow-up only. Study materials were approved by the institutional review board at each accrual site and the coordinating center. Participants received $25 after completing the baseline survey.
A total of 423 patients were approached for participation ( Fig.  1 ). Of these, 240 met eligibility criteria and 198 (83%) returned the survey prior to initiating treatment. Overall, 240 patients and 193 partners completed the baseline survey. Of these, 131 patients (89.1% of 147 who completed the 12-month survey) and 84 partners (87.9% of 99 who completed the 12-month survey) responded to the WTP questions at 12-month follow-up. Seventy-five couples responded to the WTP questions at 12-month follow-up and were included in the analysis.
Measures
WTP
On the basis of published survey methods for assessing WTP [8, 14] , we used a payment-scale WTP question to determine the maximum amount a patient (or family member) was willing to pay for a hypothetical new treatment that could cure prostate cancer without side effects. Prior to our study, we developed the WTP questions and conducted focus groups of prostate cancer survivors to pilot evaluate the items. Changes were made on the basis of the feedback [21] .
The specific question for patients and their family members was as follows: Imagine you/your loved one had just been diagnosed with prostate cancer and had to make your/his treatment decision again. However, a new drug-based treatment for prostate cancer is now available that has absolutely no side effects, such as fatigue, pain, incontinence, impotence, or changes in your/your loved one's ability to do the things you/he likes to do. This new treatment has the same chance of cure as the treatment you/he received. Assume for the moment that insurance would not cover the full costs of this treatment so you and your loved one would have to pay for it. You/your loved one would need to keep taking this therapy indefinitely. You/ your loved one would not need any other treatment such as surgery or radiation. For each monthly cost listed below, please indicate how willing you would be to pay that amount of money out of your own pocket with the resources you and your loved one currently have for this new cancer treatment.
The WTP question contained 11 separate "bids": $25, $50, $75, $100, $150, $200, $250, $500, $750, $1000, and $1500. Respondents were asked to respond by checking one of four categories (No, definitely not; No, probably not; Yes, probably; Yes, definitely) for each bid. The question was designed to simulate a bidding game where respondents would be less likely to accept the bid as the dollar values rose in relation to their monthly income [14] . Providing "definitely" and "probably" options has been previously demonstrated to reduce pressure on respondents, encourage the bidding game scenario, and yield more accurate estimates than would a dichotomous choice [22] . If patient/family member answered "Yes, probably" or "Yes, definitely" for a certain amount, then we defined them as willing to pay for that amount, and we chose the maximum amount as the final value for their WTP for a new treatment without any side effect.
Population characteristics
Population characteristics included sociodemographic and health status assessment. Sociodemographic characteristics were collected for both patients and their family members at baseline, which included age (Ͻ60 year, 60 -69 year, 70ϩ year), race (white and nonwhite), education (some college or less vs. college graduate or higher), annual household income (Ͻ$40,000, $40,000 -$74,999, $75,000ϩ), and whether side effects were important in the initial treatment decision making (yes/no).
␣ In addition, information on insurance status (Medicare, non-Medicare private insurance, military insurance, other/unknown), first time diagnosed of cancer (yes/no), and received surgery (yes/no) was collected for patients.
Health status assessment (medical characteristics) included disease classification (moderate/high risk of progression vs. low risk) [23] and number of comorbidities (0, 1, 2ϩ). Patient function after prostate cancer treatment was measured by the Expanded Prostate Cancer Index (EPIC) composite score (a well-validated measure of health-related quality of life among patients with prostate cancer) [24] . EPIC urinary, bowel, and sexual function scores ranged from 0 to 100, with 100 reflecting the best possible health with no symptoms. The EPIC instrument was administered at baseline prior to treatment and at 12-month follow-up. Changes in EPIC scores measured decline among prostate cancer patients accounting for initial function, which is a proxy for severity of side effects. Changes in scores from the EPIC instrument at baseline and at 12-month survey were classified as no/mild decline and moderate/severe decline on the basis of previously established grouping criteria [25] . Decline in scores ranging from 0.1 to 10 points in urinary irritation were considered mild, and changes above 10 points were considered moderate/severe. Declines in scores from 0.1 to 25 points were considered mild for urinary incontinence and sexual function and above 25 points were considered moderate/severe [25] .
␣ Patients were asked "how important are these potential side effects (including problems with urinary and bowel function, sexual function and intimacy, pain, tiredness or fatigue) to your decision?" If the patient answered "very important" to any of those potential side effects, then he was identified as considering avoidance of side effects in his treatment decision. Family members were asked, "Besides curing the cancer, which aspects of treatment are important to you?" If they chose any of these (urinary and bowel function, sexual function and intimacy, pain, tiredness or fatigue), they were identified as considering avoidance of side effects in the treatment decision.
Data analysis
We used data from the baseline and 12-month follow-up surveys from 75 couples (patients and their spouse/partner) ( Fig. 1 ). First, we described population characteristics for patients and family members. We also used chi-square tests to compare the analyzed sample with the full study sample at baseline to examine characteristics associated with the probability of responding to WTP questions (potential self-selection). Second, we presented the observed distribution of WTP among patients and family members in Figure 2 in the format of cumulative proportion and the observed mean and median WTP for patients and family members in the study sample. We then standardized WTP amounts by household income. Prior studies have demonstrated that income significantly affects people's WTP [8, 9, 14] ; thus, we scaled responders with higher and lower household incomes to the median annual income observed in the sample. This was accomplished by dividing an individual's WTP by his annual income (e.g., percentage of income willing to pay) and multiplying that amount by the median household income.
We used Spearman's correlations to examine WTP amounts between patients and their family members. Generalized linear models using a gamma distribution and log link were used to examine the association of patient covariates including age and change in urinary and sexual function scores. A gamma distribution with a log link was selected to account for skewness in the distribution of WTP amounts [26] . Additional covariates included in the model were patient's age, patient's race, insurance, household income, responder's education, responder's rating of importance for avoiding side effects in the initial treatment decision, responder's count of comorbidities, changes in patient's EPIC scores, and site. The model results we present are estimated income-adjusted mean WTP amounts and 95% confidence intervals for each variable rather than the gamma model's coefficients to assist the readers in interpreting relationships between response levels in the study variables and WTP amounts. These estimated WTP amounts were calculated by using the margins function in Stata by setting all other covariates to the mean level. Correlation in the error term of WTP among patients and family members from the same household was incorporated into the analyses by clustering on family ID. We applied bootstrapping to estimate the standard errors (SEs) with 200 replications to account for the impact of a small sample size. Analyses were conducted by using Stata version 11.2 [27] . Given a small sample of 75 couples and potential overfitting, we explored using different model specifications to examine the robustness of the results and assumptions. We also did rigorous model selection by using Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) and examined the impact of outliers.
Sensitivity analysis
To test whether the certainty of response affected the results, we ran the analysis by using only the highest "Yes, definitely" bid as the dependent variable (WTP). In addition, we reanalyzed the data by using a WTP value that was the midpoint between the respondents' highest accepted bid and the next highest bid. Our using respondents' "Yes, probably" bids is somewhat conservative because WTP will presumably be somewhere in the range between the highest bid that is accepted and the next highest bid.
Results
Population characteristics
Subjects who responded to the WTP questions were mostly white and had an education of college graduate or higher compared with those who did not respond to the WTP questions. No differences in other characteristics were found between the sample of responders and the original study sample (data not shown). The sociodemographic characteristics and health status of 75 couples who met the inclusion criteria for the analysis are shown in Table 1 . Patients were primarily white (83.6%), graduated from college (68.0%), and had an annual household income of more than $75,000 (65.3%). Similarly, 75% of family members were white and 57.3% graduated from college. The majority of patients (92.0%) and family members (77.3%) reported that side effects were an important factor in the treatment decision. Most (78.4%) patients were diagnosed with a cancer for the first time, and 73.3% of them had one or more comorbidities. Many patients experienced some urinary or sexual side effects at 1 year after treatment, 82.4% for sexual function, 93.3% for urinary incontinent function, and 94.7% for urinary irritation function.
Observed and income-adjusted WTP
The WTP values varied from approximately 1% to 60% of respondents' median annual household income. Maximum WTP values showed a bimodal distribution, with 63.4% of patients accepting bids less than $250 and 18.3% accepting the $1500 bid. Among family members, 39.3% accepted bids less than $250 and 36.9% accepted the $1500 bid. From the frequency distributions of the WTP values, we mapped demand curves for this hypothetical treatment decision for patients and family members. Figure 2 displays the curve with price (WTP) on the vertical axis, against the cumulative proportion of the sample willing to pay a sum up to any given price. The demand curve for family members is higher than that for patients. Among 75 couples who were included in the analysis, the observed mean and median WTP per month were $563.7 (SD $553.2) and $250 for patients and $804.3 (SD 598.5) and $500 for family members, respectively. Income-adjusted mean WTP per month was $400.8 (SE 54.3) for patients and $650.2 (SE 72.2) for family members. The unadjusted WTP amounts for patients and family members in the same household were significantly correlated (Pearson 0.30; P ϭ 0.01).
Population characteristics and WTP
The income-adjusted WTP per month varied by the sociodemographic characteristics and medical characteristics ( Table 2) . Notably, patients reported significantly lower WTP amounts ($588; SE $66) than did their family members ($819; SE $74; P ϭ 0.015). White patients reported higher WTP amounts than did nonwhite patients. Patients who reported at baseline that side effects were important in the initial treatment decision (P ϭ 0.01) and patients from California reported higher WTP amounts than did patients from other study locations. Patients who experienced moderate to severe declines in urinary and sexual function from baseline to a 12 month follow-up reported slightly higher WTP amounts than did patients who did not experience functional declines, but the differences were not statistically significant. Race and the importance of side effects in the initial decision were not associated with different WTP amounts among family members. Family members of patients who reported declines in sexual function did report higher mean WTP amounts ($714) than did family members of patients who did not report declines in sexual function ($429), P ϭ 0.047. Declines in patient's urinary function were not associated with differences in family member's WTP amounts. Family members of patients from Texas reported higher WTP amounts than did family members of patients from other study locations. Figure 3 displays the demand curve of both patients and family members associated with declines in sexual function. The figure displays WTP amount on the vertical axis against the cumulative proportion of the sample willing to pay an amount up to any given price. Separate lines are displayed for patients and family members who experienced moderate/severe declines in sexual function and responders who did not.
Sensitivity analysis
Different model specifications, including log-linear models of WTP amounts instead of the gamma distribution, provided consistent results. Using only the "Yes, definitely" response to define the highest 
Discussion
One year after treatment, prostate cancer patients and their family members indicated fairly high WTP amounts for a hypothetical treatment without side effects, with a mean WTP of $588 per month for patients and $819 per month for family members. This suggests that both patients and family members are experiencing tangible burdens associated with the treatment they originally selected and would be willing to pay considerable amounts out of pocket to have a treatment that did not cause the side-effect burdens they are experiencing. Only a handful of studies have previously attempted to quantify the burden of prostate cancer treatment by using WTP methods [15] [16] [17] . We highlight that our finding that patients and family members who indicated avoiding side effects was important in the initial decision reported higher WTP amounts at 12 months suggests face validity of the WTP approach. In addition, although the differences were not statistically significantly dif- The observation that family members were generally willing to pay higher amounts than their husbands is quite interesting. Prior studies have reported that patients' health states in prostate cancer are associated with lower quality of life among partners [28] . Although husbands' and wives' WTP amounts were strongly correlated, our finding that wives report higher WTP amounts may suggest that family members are quite sensitive to the burden their husbands are experiencing. Patients and their spouses may have differing perceptions, especially the ones related to the impact of sexual functioning on survivorship [29, 30] . Thus, wives may be placing more value on the burdens their husbands are experiencing, especially the losses in sexual function that they may be aware of more than other burdens.
To our knowledge, this is the first study to focus on the burden from side effects associated with prostate cancer treatment for both patients and family members in their WTP for treatment. WTP studies have been widely used to evaluate perceived benefit from treatment/intervention (e.g., cancer screening, vaccination, and hypothetical new drug) [8, 31, 32] . Most have focused on patient's WTP and did not include others potentially impacted by treatment such as a spouse.
There were several limitations with our study. First, the results estimated in this study may not be representative of those in the general population with localized prostate cancer because of a small sample size and because patients and family members were convenient samples recruited in three study clinics. There may be nonresponse bias because most of the respondent patients (78.4%) were diagnosed as having cancer for the first time in their life. Second, eligibility for the analyzed sample was based on the completion of the baseline survey and the WTP question in the 12-month follow-up by both the patient and his family member. Subjects who responded to the WTP questions were more likely to be white with college graduate or higher education level compared with the overall population identified for the baseline survey. The WTP item was pretested in a small sample of prostate cancer survivors participating in a prostate cancer support group and may not have been easily understood by all subjects. Third, WTP is sensitive to income, and income was measured only in broad categories in this study. Fourth, there are several known limitations to WTP assessment derived under hypothetical circumstances. For example, no information is available on current out-of-pocket health care or other monthly costs, and so the concept of monthly out-of-pocket costs may not have been well understood by study participants. There may be starting-point bias (anchoring bias) and range bias from the WTP question design that could not be accounted for using self-administered survey among a small sample [33] . Zero was included in the list of bids; thus, starting-point bias is likely to be conservative. It is possible, however, that if we had included a higher or lower range than $0 to $1500, we may have obtained different results. We note that the self-administered WTP assessment is an established method with practical appeal because it incorporates indirect and intangible value of treatment and can be used directly for program evaluation and has been used successfully in other contexts [14, 34] .
Conclusions
Local-stage prostate cancer patients and their family members indicated a fairly high WTP for a hypothetical treatment that cures disease without side effects, suggesting a high perceived burden associated with the presence of side effects at 1 year after treatment. Family members are generally willing to pay higher amounts than patients, further highlighting the burden of this disease and its associated side effects on caregivers. Patients who experienced more side-effect burden expressed higher WTP amounts. WTP may be an alternative approach to assessing the burden of prostate cancer treatment to quality-of-life or utility measures.
This study estimated the value of avoiding side effects from prostate cancer treatment and offers an alternative to utility measures and provides valuable information for patients, family members, providers, and policymakers in considering the burden of prostate cancer. Our findings suggest that to fully assess the harms and benefit of prostate cancer treatments for a society, it is necessary to include both the patient and affected family member perspectives.
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